Additional index words. apple cultivars, fruit quality, leaf and fruit N, M.9 rootstock Abstract. A randomized complete block, split-plot experiment with six replicates was established and maintained for the first six fruiting seasons (1999 to 2004) in a highdensity apple [Malus sylvestris (L.) Mill var. domestica (Borkh.) Mansf.] orchard on M.9 rootstock planted in Apr. 1998. This report assesses responses to six main-plot fertigation treatments, each containing three tree subplots of five different cultivars (Ambrosia, Cameo, Fuji, Gala, and Silken). Fertigation treatments were a factorial combination of two nitrogen (N) rates and three N application timings. N was applied at low (28 mg N/L) or high (168 mg N/L) concentrations daily at 0 to 4, 4 to 8, or 8 to 12 weeks after full bloom (wafb). Under greater N inputs, all cultivars had increased midsummer leaf and harvested fruit N concentrations, decreased fruit firmness, and in heavy crop years, decreased percent red color. Annual yield of all cultivars was significantly increased by N rate in a single year, but their cumulative yields were not different between treatments as a result of rate or timing. Altering the timing of N application within 12 wafb only affected leaf and fruit tissue N concentration. Leaf N was higher after 4 weeks of fertigation any time, although concentrations declined over the growing season, reaching minimum values around harvest. Fruit N was increased by fertigation 4 to 12 wafb. Yield, fruit firmness, and color were unaffected by fertigation timing. Critical fruit quality issues for 'Gala' and 'Silken' were small fruit size, for Ambrosia low fruit numbers, and for 'Cameo' soft fruit. 'Fuji', which achieved high yield and leaf N concentration and firm fruit, had poor red color regardless of N treatments.
Regulation of N and water is among the most crucial management decisions for commercial orchard production (Sanchez et al., 1995) . Increasingly, strategies have incorporated a need to minimize the unintended loss of N to the environment (Tagliavini et al., 1996) in reflection of a tendency to overapply N in many orchards (Weinbaum et al., 1992) . The most prominent consequence of excess N application to agricultural land has been an increase in N contamination of groundwater and surface water bodies (Wassenaar et al., 2006) . This concern is evident in apple production, in which fertigation has been advocated as an efficient strategy of applying N as a result of the potential for more closely synchronizing N application and plant demand (Haynes, 1985) . The effectiveness of this approach will require a more sophisticated understanding of apple tree N demand to maximize the advantages inherent in being able to apply N and water simultaneously (Neilsen et al., 1999b) . It has been long established, from broadcast N fertilization studies, that increasing the rate of N application can increase yield but adversely affect fruit quality by decreasing fruit color and firmness (Oberly and Boynton, 1966) . Much less information is available concerning plant response in fertigated orchards. It is known that the effective rate of N application in fertigated apple orchards depends on the amount of irrigation because excess water can leach N below the root zone (Neilsen and Neilsen, 2002) . Potential effects resulting from altering the time of broadcast N application have generally been inconsistent with respect to plant performance (Oberly and Boynton, 1966) , although summer and fall N applications stimulated flower development and increased yield relative to spring N applications for apple trees grown under controlled conditions in pots (Hill-Cottingham and Williams, 1967) . More recently, research has identified the importance of remobilized N for supplying the N requirements of apples in early spring (Malaguti et al., 2001; Millard and Neilsen, 1989; Neilsen et al., 2001a Neilsen et al., , 2001b , suggesting the possibility that springapplied N is less efficiently used than N applied at other times, including late-season foliar N applications (Cheng et al., 2002) . There have been few studies that have investigated the implications of altered fertigation timing on apple tree performance.
For these reasons, an experiment was designed to compare the effects of fertigation solution N concentration and timing on performance of five different apple cultivars.
Materials and Methods
In Apr. 1998, five apple [Malus sylvestris (L.) Mill var domestica (Borkh.) Mansf] cultivars (Ambrosia, Cameo, Fuji, Gala, and Silken) on the dwarfing rootstock M.9 were planted in rows separated by 3 m with 1 m between trees in each row. In the establishment year, all trees were fertigated with an industry-recommended NP regime involving daily application of calcium nitrate (15.5N-0P-0K) for 8 weeks after planting, resulting in a cumulative application of 47 g N per tree [British Columbia Ministry of Agriculture and Lands (BCMAL), 2007] . An application of 20 g phosphorus (P) per tree was also fertigated as ammonium polyphosphate (10N-15P-0K) on 4 June 1998. A randomized complete block, split-plot experimental design was imposed in 1999 and maintained annually until 2004. Eight different fertigation regimes were randomly applied to the main plots within which the five apple cultivars were randomly planted in three-tree subplots. There were six replications. Two border apple trees separated each main plot fertigation treatment within each row and a border row was planted to completely surround the experimental block. Each row comprised 51 trees including three main plot units (45 trees each) and the six guard trees. Eight rows were required for each block with 16 rows required to encompass the six replicate blocks. Two of the fertigation treatments involved the presence or absence of annual P for which results have previously been described (Neilsen et al., 2008) . Pertinent to this report was a factorial combination of six fertigation treatments involving two N rates and three N timings. N was applied at low (28 mg N/L) or high (168 mg N/L) concentrations daily at 0 to 4, 4 to 8, or 8 to 12 wafb (based on the Ambrosia cultivar) (Table 1) . Each fertigation treatment had a separate irrigation line with emitters installed on the appropriate line according to the experimental randomization. To minimize the possibility of other nutrient limitations, 0.17 g boron (B) per tree per year was fertigated (except 1999 when 0.5 g B/tree was applied) daily 0 to 4 wafb and %20 g potassium (K) per tree per year was fertigated daily as potassium chloride (0N-0P-50K) 4 to 8 wafb. Annual foliar applications of zinc were made according to standard commercial practices (BCMAL, 2007) . Each treatment tree was irrigated by two 4-LÁh -1 pressure-compensating emitters (The Toro Company, El Cajun, CA) placed 0.3 m either side of the tree in the tree row. To minimize water stress, irrigation was applied daily in response to the previous day's evapotranspiration demand automatically scheduled by atmometer (Parchomchuk et al., 1996) . A consequence of applying water (and hence dissolved nutrients) according to actual evapotranspiration (ET) is that more water will be applied when ET is higher. Generally this occurred during times 4 to 8 and 8 to 12 wafb when daily temperature was higher (Table 2 ). There was also a general trend to increase per-tree water application over time because the tree canopy volume and crop coefficient used to express this change also increased over time. Because N treatments were defined by maintaining a constant low (28 mgÁL -1 ) or high (168 mg N/L) NO 3 -N concentration in the fertigating solution, the amount of N applied per tree varied within the same treatment according to actual water applications at different times (Table 2 ). This strategy of N application by constant N concentration has previously been reported from Israel (Bar-Yosef et al., 1988) .
Nevertheless, there were major differences in the amount of N applied between low and high N concentrations regardless of application time.
Trees were trained to a slender spindle system supported by posts and grown in a 2.0-m-wide herbicide strip maintained by annual glyphosate applications. Insect and disease control procedures followed standard commercial recommendations (BCMAL, 2007) . Each year, each cultivar was handthinned to the same commercial spacing standard, regardless of cultivar, in June, soon after the cessation of fruit drop.
The experimental site was located on a Skaha loamy sand (Wittneben, 1986) , an Aridic Haploxeroll, commonly associated with orchards or vineyards in southern interior British Columbia. Coarse textured soils, including this one, have previously been found susceptible to N leaching, acidification, and susceptible to the development of B and K deficiency under drip fertigation (Neilsen et al., 1995) .
Composite samples of 30 leaves from the midportion of extension shoots of the current year's growth were collected from each subplot tree immediately after the cessation of the 4 to 8 wafb fertigation on 15, 20, 18, 11, 7, and 5 July 1999 to 2004, respectively (Sweeney and Rexroad, 1987) .
The number and weight of harvested fruit were measured each year at commercial harvest for each cultivar (Table 1) for each treatment and replicate. Harvest date was determined by starch degradation charts developed by local packinghouses for each cultivar. Frost damage to the early bloom in Spring 2003 resulted in much reduced harvested yield in 2003. A randomly selected 10-apple sample from the midcanopy location for each experimental plot was also evaluated annually for flesh firmness, skin red color, titratable acidity (TA), and soluble solids concentration (SSC). Flesh firmness was determined with a Baullaf (Lake City Technical Products Ltd., Kelowna, BC, Canada) penetrometer (11.1-mm diameter tip). Percent red skin color (except for the yellow-skinned cultivar Silken) was estimated visually to the nearest 5%. SSC of the juice was measured with a refractometer and TA was determined by titration of juice with 0.1 M NaOH to an 8.1 pH end point. Juice was obtained from a mechanical juicer, which macerated sectors taken from each apple in the 10-fruit subsample. An additional random sample of 25 fruit was selected annually at harvest from each treatment, cultivar, and replicate for N analyses. Samples were rinsed under running, distilled water and then air-dried. Chemical analysis was conducted on a composite of opposite, unpeeled quarters from each apple minus stem tissue and seeds. The method of fruit N determination paralleled that of leaf samples. From 1999 to 2001, fruit tissues, previously described, were blended with 1.5 times their weight of distilled water. A 150-mL subsample was further homogenized with a high-speed tissue homogenizer. A weighed 9-mL subsample of homogenized slurry was digested in 5.4 mL of concentrated H 2 SO 4 containing Na 2 SO 4 (1.8 g), copper (0.36 mL 25% CuSO 4 solution), and selenium (0.67 gÁL -1 ) at 380°C for 1 h. Nitrogen was then determined by colorimetric methods, as described for leaf samples. From 2002 to 2004, N was determined on a 0.125-g subsample of freeze-dried sectors using the methods and instrumentation previously described for leaf samples. All N data were expressed on a fresh weight (FW) basis.
Analysis of variance was performed on leaf and fruit nutrients, yield, and fruit quality characteristics according to the experimental design (SAS, 1989) . Data were analyzed as a split plot with six replicates and a factorial combination of six main plot treatments (two N rates and three times of N fertigation). Subplots were three-tree plots of each of five different cultivars. Percent red color was arcsine-transformed before variance analyses. Data were analyzed separately by year as a result of the transition of the plots from primarily vegetative to fruiting growth during the 6-year experimental period.
Results and Discussion
Leaf nitrogen. Midterminal leaf N concentration in the middle of the growing season was significantly affected by N rate, N timing, and cultivar (Table 3) (Table 3) . Intermediate leaf N concentrations were measured for trees fertigated with N 0 to 4 wafb with these values exceeding leaf N concentrations for trees fertigated with N 8 to 12 wafb (from the previous year) in 4 of the 6 years (2000, 2002, for both low and high N rates; 2001, 2004 at high N only). Cultivars differed in leaf N concentrations despite their exposure to a similar range of treatments. For example, 'Fuji' consistently demonstrated high midsummer leaf N concentrations, whereas 'Cameo' leaf N was consistently low (Table 3) .
There was a consistent, annual trend in midterminal leaf N concentration across treatments as indicated for the high and low rate N treatments throughout the 1999 to 2004 growing seasons for 'Fuji' (Fig. 1) . The effects of N rate were observable, regardless of time of sampling, with differences between high N and low N rate statistically significant for most of the 21 sampling dates except for 12 wafb in 1999 and 2000. Regardless of N treatment, the highest annual concentrations were usually observed 4 wafb (with the exception of 2001), whereas lowest annual concentrations were usually observed 12 wafb after the last fertigation of the growing season or at harvest or postharvest in 2003 and 2004 when late leaf samples were collected.
There was a sixfold difference in the concentration to which the roots were exposed in the low (28 mgÁL -1 NO 3 -N) versus the high (168 mgÁL -1 ) N treatments. On average, throughout the study, this resulted in annual applications of 6.6 g N/tree at low N versus 36.5 g N/tree at high N (Table 2) . At the planting densities used, this resulted in application of 22 kg N/ha or 122 kg N/ha, respectively. Despite the wide range in N available to apple roots between the two N treatments, differences in annual leaf N concentration between low and high N rates were modest, ranging between 5% and 15%. This implies an inefficiency of N use at the highest N rate (168 mg N/L), consistent with research in Israel indicating that daily fertigation of a 42 mg N/L NO 3 -N concentration resulted in most efficient use of N for 'Golden Delicious' apples grown outdoors in pots (Bar-Yosef et al., 1988) . Estimates of annual N removal in fruit and senescent leaves for 3-to 6-year-old, high-density 'Elstar' or 'Gala' on M.9 rootstock ranged from 30 to 36 kg N/ha (Neilsen and Neilsen, 2002) . Thus, application at a 42 mgÁL -1 NO 3 -N concentration, like in Israel, which would have supplied %37.5 kg N/ha/year, when applied for 4 weeks under our climatic conditions, would have more closely matched annual tree N requirements than applying a 28 mg N/L concentration or a 20 mg N/L concentration, as previously recommended for newly planted, primarily vegetative apple trees (Neilsen et al., 2001b) .
Leaf N concentrations at both low and high N rates consistently achieved the adequate leaf N concentration range (Fig. 1 ) between 19 and 24 mgÁkg -1 for apple cultivars 8 wafb in midsummer (BCMAL, 2007) . It was noteworthy that leaf N concentrations were also generally adequate for all cultivars despite consistent annual differences in trees receiving the same range of fertigation treatments. Leaf N concentrations near the lower threshold of 19 mgÁkg -1 were rare, like in 2001 for 'Cameo' fertigated 8 to 12 wafb and 'Cameo' and 'Silken' in 2003 (Table 3) . The seasonal trends in leaf N concentration, as illustrated for 'Fuji', indicated that, according to leaf standards, which were developed for midgrowing season, leaf N concentrations were generally high 4 wafb, low 12 wafb, and apparently inadequate when N withdrawal is underway in Oct. to Nov. 2002 Nov. to 2003 . However, the significance of these low late-season values is unknown because they occurred for both high and low N treatments. Furthermore, it was possible to increase leaf N concentration regardless of the timing of N application, including within 4 wafb, when some N is being remobilized from storage (Neilsen and Neilsen, 2002) . This provides assurance that leaf N concentration can be increased by fertigation of N at any time within 12 wafb should low leaf N concentrations occur in a planting. The desirability of such applications would depend on other associated effects of altered time of N application on apple production.
Fruit nitrogen. Fruit N concentration at harvest was consistently higher at high N rate, although there was an interaction between cultivar and N rate in 2000 and and for low N rate in 2004. For these exceptions, fruit N concentration was higher in fruit receiving N 4 to 8 wafb rather than 8 to 12 wafb. Fruit N concentration was generally lowest for fruit receiving N in the 4 weeks immediately after bloom. Cultivar effects were apparent each year, but the ranking from highest to lowest was not always consistent, although 'Silken' generally had high fruit N and smallest apples and 'Ambrosia' low N and medium-sized apples.
Fruit N concentration was more responsive to rate of N applied than leaf N concentration with the percentage annual increase from the low to high N treatment ranging from 9% to 24%. Application of fertigated N from 4 to 12 wafb was more effective at increasing fruit N concentrations than N applications immediately postbloom, consistent with previous research that indicated early-season fruit growth, immediately postbloom, is partially supported by remobilized N, whereas root-supplied N is important after this period, when fruits begin to size (Guak et al., 2003; Neilsen et al., 2006) . Thus, unlike leaf N concentration, N fertigation later in the growing season would be more effective at increasing fruit N concentration.
Recommended fruit N concentrations are less well established than leaf values in many fruit-growing regions . In British Columbia, optimum values have been developed for the Ambrosia cultivar and range from 380 to 440 mgÁkg -1 (BCMAL, 2007) . Average annual fruit N concentrations were within the desired range with the exception of lowest crop years in 1999 and 2003. This implies crop load is an important factor in fruit N concentration with low crop trees sensitive to accumulating higher fruit N concentration for a given N fertilization regime. The important role of crop load in affecting leaf and fruit N concentrations has been previously identified by Hansen (1980) . Furthermore, our study indicated high N rate, N fertigation 4 to 12 wafb as well as cultivar (e.g., 'Silken') are important factors that can increase fruit N concentration above the optimum range. It is well known commercially that high N applications can adversely affect fruit quality and increase harvest and storage disorders. It was not possible to assess fruit N concentration from this viewpoint because there were few fruit harvest disorders associated with harvested fruit and there was no systematic assessment of fruit storage disorders in our study. Future research should focus on fruit storability related to fruit N status because this relationship can be an important consideration in developing an appropriate fertigation strategy. In a wide-ranging study of 270 orchard-years (3 years · 3 cultivars · 30 orchards each) in southern interior British Columbia using traditional apple cultivars McIntosh, Spartan, and Golden Delicious, large fruit size, low fruit calcium (Ca) concentration, and high fruit K/Ca ratios were the factors most correlated with increased fruit storage disorders, whereas correlations with fruit N concentration were rarely significant or consistent from year to year (Wolk et al., 1998) .
Yield. Significant effects on yield in each season were, in general, associated with N rate and cultivar (data not shown). In 2001, yield across all cultivars was 14.4% higher as N application increased from low to high rate. This reflected greater fruit number rather than any change in average fruit size. Fruit number was also higher at high N rate in 2002 (data not shown). However, when considered over the first six (1999 to 2004) growing seasons, neither fruit number (P = 0.09) nor yield (P = 0.10) was significantly affected by changing N rate (Table 5 ). The timing of N fertigation had no consistent effects on fruit yield, average fruit number, or fruit size annually (data not shown). Yield efficiency was unaffected by N treatments.
Yield and its components, fruit number and average fruit size, were affected by cultivar each year (data not shown). Over the first six growing seasons, yield differences among cultivars were much greater than those between N rate and timing (Table  5 ). For example, yield more than doubled between the lowest ('Ambrosia') and highest ('Silken') -yielding cultivars. 'Ambrosia' had the lowest cumulative fruit number combined with medium overall fruit size (Table 5 ). Cumulative yield efficiency was among the highest value for 'Ambrosia', implying fruit production was achieved on smaller trees. 'Silken' had the greatest fruit numbers, smallest fruit size, and intermediate yield efficiency (Table 5 ). 'Cameo' had the second highest cumulative yield, largest fruit, and yield efficiency similar to 'Ambrosia'. 'Fuji' produced intermediate yield, fruit size, and fruit numbers but produced the crop on larger trees, resulting in lowest yield efficiency. The relatively low yield of 'Gala' was a reflection of smaller fruit size (Table 5) .
Increased yield associated with higher rates of N has historically been a frequently reported consequence when N is limiting production (Oberly and Boynton, 1966) . In the single year of yield response across all cultivars (2001), it was not possible to directly relate yield response to exceeding a leaf N threshold, because greater leaf N increases and higher concentrations were achieved in other years when yield was unaffected by N. Over the long term, cumulative yield patterns suggested differences in cultivar response to N. With respect to long-term yield, N values were highest in the order 'Silken' > 'Cameo' >'Fuji' > 'Gala' > 'Ambrosia'. 'Silken', with the highest overall yield and high yield efficiency, had smallest average fruit size (168 g). Average fruit size was also less than 200 g for 'Gala' (184 g) and 'Cameo' (188 g), the two cultivars with the lowest cumulative yield. The lack of fruit size response of cultivars to N rate and timing suggest manipulation of crop load rather than N fertilization would be a more effective strategy for improving fruit size of cultivars having small fruit. In this regard, the strategy of thinning all cultivars to the same spacing, like used in our study, should be adjusted to allow more aggressive thinning of smaller-fruited apples. The insensitivity of 'Gala' fruit quality, including size, to variation in rate and timing of broadcast N applications has also previously been observed in a study involving this cultivar (Neilsen et al., 1999a) . 'Cameo' was able to maintain the largest fruit size (212 g), highest yield efficiency, and high cumulative yield despite overall lowest midsummer leaf N concentrations. 'Fuji' was capable of achieving good cumulative yield and fruit size and high leaf N concentration (averaging 25 gÁkg -1 over 6 years) and good fruit size over the tested N rates despite having the lowest yield efficiency.
It is also noteworthy that timing of N availability, specifically summer N applications, which enhanced flowering and fruit set in earlier pot studies (Hill-Cottingham and Williams, 1967) , did not affect yield. This supports previous fertigation timing research on 'Gala' (Neilsen et al., 2000) and suggests the timing of fertigated N application should be based on criteria other than maximization of yield.
Fruit quality. Fruit firmness (Table 6 ) and percent red color at harvest (Table 7) were most affected by N treatments. The other standard quality characteristics of harvest fruit, including SSC and TA, were not significantly affected by N treatments (data not shown).
The effects of N treatments on fruit firmness were consistent throughout the study (Table 6 ). High N reduced fruit firmness for every year, except first crop, in 1999. Treatment differences occurred across all cultivars, except in 2001 (significant rate · cultivar interaction), when firmness was lower for high N treatments for all, except 'Ambrosia'. In contrast, fruit firmness was not different among N timing treatments throughout the study. Like with most measured plant parameters, fruit firmness was affected by cultivar every year (Table 6 ). Although the cultivar ranking with respect to firmness was not consistent from year to year, 'Fuji' and 'Gala' generally had the firmest fruit.
Fertigated applications of the higher N rate could decrease percent red color of the four red-skinned apple cultivars (Table 7) . Differences were statistically significant in the 3 years of highest crop load (2001, 2002, and 2004) . However, in 2004, there was a significant interaction between rate and timing of N application because reduced red color at high N rate was measured for fruit fertigated early (0 to 4 wafb) or late (8 to 12 wafb) but not midseason (4 to 8 wafb). Generally red color was unaffected by timing of N application, except for the aforementioned 2004 season, when red color was very high for apples fertigated within 4 weeks of bloom at the low N rate (Table 7) . Like with the other parameters measured, cultivar consistently affected percent red color with highest annual values for either 'Gala' or 'Cameo', whereas 'Fuji' always had among the lowest red color.
Reductions in fruit firmness and red coloration were the most sensitive apple quality indicators of plant N response in this study. N oversupply has frequently been associated with reduced fruit firmness and inhibition of red color development . The prominence of reduced firmness at high N in this fertigation experiment contrasts with more ambiguous links between high N and firmness in studies comparing various broadcast N application rates on widely spaced, vigorous trees (Oberly and Boynton, 1966) . This implies reduced fruit firmness may be a sensitive indicator of N oversupply in fertigated, high-density orchards on dwarfing rootstocks. In contrast, reduced red color at harvest, resulting from high N, was observed less frequently and usually when crop load was large, indicating its usefulness as a N indicator in high crop years. The general lack of effect of N timing on the important fruit quality characteristics of firmness and percent red color suggest a potential for flexibility in N timing with respect to these quality parameters over the range of N applied in this study and is consistent with previous research on the quality of 'Gala' apple, indicating minimal effects of N fertigation timing (Neilsen et al., 2000) . The strong effect of cultivar on the major fruit quality parameters, firmness and red coloration, indicate the need to adapt N regimes to cultivar. For example, 'Fuji' had firm but poorly colored fruit over all tested N treatments implying that inadequate color development is a major limitation to production of quality 'Fuji' apples at this site and would be exacerbated by additional N applications. In contrast, 'Gala' produced firm and highly colored fruit regardless of N regime. 'Cameo', which had good potential for yield response to additional N, had red but softer fruit, suggesting that reductions in firmness rather than fruit color may be an obstacle for establishing a higher N fertilization regime for this cultivar.
Conclusions
Increasing the amount of N fertigated within the 12-week period after bloom consistently increased midsummer leaf N concentration and especially harvest fruit N concentration for five different apple cultivars ranging in harvest maturity from early September to late October. The low and high N treatments were maintained by adjusting daily N applications to create contrasting soil solution NO 3 -N concentrations. This resulted in application rates approximating 25 kg N/ ha/year at low N and 125 kg N/ha/year at high N, both conservative amounts compared with many commercial application rates. The high N rate was associated with fruit quality decline, including decreases in fruit firmness and, at high crop load, reductions in percent red color. In contrast, cumulative yield was unaffected by N rate. Thus, optimum fruit quality and adequate N availability would be achievable by maintaining fertigation concentrations at the 42 mgÁL -1 concentration recommended by Israeli researchers (Bar-Yosef et al.,1988) or by applying 40 kg N/ha by daily applications over a minimum of a 4-week period during the main growing season.
The major consequence of varying the timing of N application from early to late in the 12 wafb period was on tissue N concentration. Fruit N concentration was most effectively increased by N fertigation either 4 to 8 or 8 to 12 wafb. Standard (midsummer) leaf N concentrations were most increased by N applications in the 4-week period immediately preceding leaf sampling. However, leaf N concentrations could be increased at any time during the 12-week period by 4 weeks of fertigation. Annually, there was a steady decline in leaf N concentrations postbloom with minimum leaf N concentrations observed at harvest or postharvest. Altering the timing of N application within the 12-week period had minimal effects on yield, fruit flesh firmness, and red color. Thus, from a production viewpoint, rate is more important than time of N application. Low leaf N concentration could be increased by fertigating at any time within 12 weeks of bloom without adversely affecting yield or quality of harvested fruit. In practice, avoiding the 4 weeks immediately after bloom would be desirable because leaf N concentrations are often high at this time and growth sustained by remobilized N. Furthermore, the minimum leaf N concentrations observed for all cultivars around harvest time (beyond the 5N-0P-0K ). y Applied weeks after full bloom (wafb) based on bloom date of 'Ambrosia'. x When interaction significant, SE of the interaction indicated. w Not harvested (nh). *,***Means significantly different at P = 0.05, 0.001, respectively, or nonsignificantly (NS) different.
12-week period tested here) suggest very late season fertigation should be researched to assess benefits and possible detrimental effects on winterhardiness.
The variation in performance of the five different apple cultivars under relatively uniform conditions, including exposure to the same range of N rate and timing treatments on the same rootstock, while growing on the same soil series and site, supports the importance of tailoring N fertilization strategies to cultivar. For example, both 'Gala' and 'Silken' generally had firm fruit with good red color (for 'Gala') but small size suggesting crop load reduction to increase fruit size would be more important than increasing N rate. The issue of most interest for the Ambrosia cultivar would be whether management strategies could be developed to counteract a tendency for low fruit numbers and for 'Cameo' to overcome a tendency for soft fruit. Despite the possibility of good yield, firm fruit and high leaf N concentration for 'Fuji', low fruit red color was a major fruit quality concern regardless of N regime.
